Background: Musculoskeletal hip/groin screening tests are commonly performed to detect at-risk individuals. Bony hip morphology is considered a potential intrinsic risk factor but has not been examined prospectively.
Musculoskeletal screening tests are commonly performed in soccer to detect athletes with these risk factors, aiming to prescribe individualized, targeted injury risk reduction programs based on the test findings. 5 Intrinsic, or player-related, risk factors for a hip/groin injury in soccer have been reported from prospective studies. 4, 14, 21, 25, 44, 46 Most studies were conducted over a single season, 4, 14, 25, 46 with analyses potentially hampered by low injury numbers. In addition, only 3 studies used multivariate models of analysis, 4, 14, 21 and only 2 studies accounted for individual exposure time. 14, 21 Two recent systematic reviews synthesized the findings of the studies investigating risk factors for a hip/groin injury. 34, 45 Both reviews concluded that previous injuries and low adduction strength (both absolute and relative to abduction strength) were significant risk factors. The reviews described conflicting results for hip range of motion as a risk factor for hip/groin injuries, with a positive finding in field-based sports 34 but no association in all sports. 45 Furthermore, heterogeneity between the included studies in both risk factor methodology and injury definition precluded meta-analyses. Consequently, the clinical significance of these associations with the risk of groin injuries is difficult to assess. Therefore, prospective research with large sample sizes, using optimal injury and exposure surveillance methodology, is required. 6, 17, 41 Cam morphology is associated with the presence of femoroacetabular impingement 18 and therefore considered a potential intrinsic risk factor for hip/groin injuries. 9, 27 Athletes presenting with long-standing groin pain have a high prevalence of bony hip morphology associated with femoroacetabular impingement. 24, 43 However, there is growing evidence that cam morphology is also present in many asymptomatic hips 19, 26 and has a high prevalence in soccer players, independent of symptoms. 2, 31, 36 Therefore, the relationship between bony hip morphology and clinical signs and symptoms of hip/groin pain in athletes is unclear. Furthermore, the potential association between bony hip morphology and the risk of developing hip/groin injuries in soccer players has never been examined prospectively.
Our aim was to examine the association between musculoskeletal hip/groin screening tests and bony hip morphology to time-loss hip/groin injuries in male professional soccer players.
METHODS

Study Design and Participants
This prospective cohort study was conducted during the 2013-2014 and 2014-2015 soccer seasons of the QSL. The QSL is the highest level of professional soccer in Qatar and during the study observation period was composed of 14 clubs in the first division and 18 clubs in the second division. The regular soccer season ran from the end of August to the end of April. The QSL finals and postcompetition cups were played in May each year. Soccer teams in the QSL generally train 5 days per week and on average play 1 game each week.
All study participants were male soccer players aged !18 years who played professionally in Qatar during one or both of these seasons. Players who left the QSL during the season (because of club transfer or personal reasons) were included in the cohort until their departure.
Soccer players underwent precompetition, Fédération Internationale de Football Association (FIFA)-compliant screening in one or both soccer seasons as previously described in detail. 7, 8, 30, 31 This screening was deemed mandatory by the QSL for all soccer players playing in the league, and all screening was performed at Aspetar Orthopaedic and Sports Medicine Hospital. During the musculoskeletal component of the screening, players were informed of the study and invited to participate. The study participants therefore represent a sample of convenience of all soccer players in the QSL. A flow diagram of the inclusion of participants for the study analysis is presented in Figure 1 . Players with an injury other than to the hip/groin, but who completed full groin screening, were included with reduced exposure reflecting their time-loss injury. Players who presented to screening with a current time-loss hip/ groin injury were excluded from the analysis for that season. Players were also excluded if injury and exposure surveillance data were missing for that season.
All soccer players were given the option of not allowing their data to be used for research purposes, and all study participants provided written informed consent for the study. Ethical approval was obtained from the Institutional Review Board of Anti-Doping Lab Qatar (approval No. F2013000003). The reporting of this study follows the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) statement. 40 
Hip/Groin Musculoskeletal Screening Protocol
A comprehensive screening battery specifically designed to examine potential demographic, musculoskeletal and bony morphological risk factors for a hip/groin injury was conducted.
Demographics. Demographic information was acquired from each participant as part of the screening process including date of birth, height, weight, player position (goalkeeper, defender, midfielder, forward), leg dominance (preferred leg for a penalty kick), previous hip/groin injuries, and current hip/groin symptoms. To reduce the risk of recall bias, a previous hip/groin injury was defined as a time-loss hip/groin injury from the preceding 12 months confirmed by prospectively recorded injury surveillance data. 21 The player's medical notes were consulted to resolve any discrepancies and ensure accuracy of this variable. The new players signed with QSL clubs that were included in the study did not have prospectively recorded injury surveillance data from the previous year and did not have case notes available to consult. Therefore, to ensure the best achievable accuracy of injury recall for these players, all media sources were reviewed for reports on previous injuries.
Pain Provocation Tests. Each player was screened using the following 4 pain provocation tests: Flexion, adduction, internal rotation (FADIR) test Flexion, abduction, external rotation (FABER) test Squeeze test at 0°of hip flexion Squeeze test at 45°of hip flexion Pain severity was recorded for each test using an 11-point numeric rating scale (0-10), with the location of pain also recorded. A test finding was considered positive only if pain was reported in the expected location for each test: FADIR test, anterior and/or deep hip/groin pain; FABER test, deep hip/groin pain; and squeeze test, adductor and/or or pubic pain.
Range of Motion. Hip joint range of motion was assessed using 5 different tests, which were described in detail, including pictorial and interrater reliability findings, in a prior publication. 30 Methods are described briefly: Hip internal rotation was also measured while prone using 2 digital inclinometers. Bent knee fall out was measured bilaterally using a rigid tape measure. The player was placed in supine with their hips at 45°of flexion, and their knees at 90°of flexion. Hip abduction was measured in a side-lying position using a digital inclinometer.
Strength. Hip strength was measured with 3 tests, which were also described in detail, including pictorial and interrater reliability findings, in a prior publication. 30 Methods are described briefly:
Hip adduction and abduction strength were measured in a side-lying possition with a hand-held dynamometer using an eccentric break test. 30 These eccentric strength measures were normalized to body weight and lever arm for each participant. Bilateral isometric hip adduction strength was measured using the squeeze test with the legs in 45°of hip flexion and 90°of knee flexion. A hand-held dynamometer was placed between the knees, and bilateral isometric adduction strength was normalized to body weight.
Radiographic Examination. The methodology for the radiographic examination has been described in detail, including interrater reliability, in a prior publication. 31 Two standardized views were obtained: a standing anteroposterior (AP) pelvic view with both hips in 15°of internal rotation and a 45°Dunn view of both hips. 31 The 45°Dunn view was performed with the participant supine and hips placed in 45°of flexion, neutral rotation, and 20°of abduction. A film-focus distance of 115 cm was used, with the beam centered at 2.5 cm superior to the pubic symphysis for the AP view and centralized over the pubic symphysis for the Dunn view. Bony hip morphology was quantified using previously described quantitative measures of the alpha angle and lateral center edge angle (LCEA). 1, 3, 31 These quantitative measures were automatically calculated using MATLAB v7.1.0 software (MathWorks Inc) from a point set that was manually positioned along the contour of the bone on the radiograph. 31 The bony hip morphology variables were then dichotomized according to the following definitions: cam = alpha angle .60°on either the AP or Dunn view; large cam = alpha angle .78°on either the AP or Dunn view; pincer = LCEA .40°; and acetabular dysplasia = LCEA \20°. 31 All radiographic examinations were performed at the Department of Radiology, Aspetar Orthopaedic and Sports Medicine Hospital.
Injury Definition and Surveillance
A hip/groin injury was defined as previously described by Werner et al 44 : ''injury located to the hip joint or surrounding soft tissues or at the junction between the anteromedial part of the thigh, including the proximal part of the adductor muscle bellies, pubic symphysis, and the lower abdomen, that resulted from playing soccer and led to a player being unable to fully participate in future training or match play (i.e. timeloss injury).'' Hip/groin injuries were subsequently categorized as adductor-related, iliopsoas-related, inguinal-related, pubic-related, or hip-related groin pain as well as ''other.'' This categorization followed the recommendations outlined in the consensus statement that resulted from the Doha agreement meeting held between leading clinicians and researchers in the field of hip/groin injuries in November 2014. 42 The process of this categorization is described in detail in a previous publication. 32 Only index hip/groin injuries were included in the analysis, with injury and exposure data for the injured player censored for the remainder of the season until he attended screening again. Injuries were included in the analysis only if they occurred within 12 months after musculoskeletal screening. Contusion injuries that resulted from direct contact and medical causes of hip/groin injuries were excluded from the analysis. A secondary risk factor analysis was conducted with the dependent variable being injuries categorized as adductor-related groin pain. The comparative group was injury-free players, so in this secondary analysis, players were excluded for that season if they sustained a hip/groin injury of a category other than adductor-related groin pain. All time-loss injuries and individual player participation (training and match play exposure in minutes) were recorded by the club medical staff using previously described standardized methods. 8, 13, 20, 44 These methods are in accordance with the ''consensus statement on injury definitions and data collection procedures in studies of football (soccer) injuries.'' 17 Club doctors completed a standardized injury card for each injury sustained during the observation period. The injury cards contained information on the injury type, recurrence, mechanism, location, diagnosis, severity in days lost, and activity being undertaken when injured (training or match). The clinical diagnosis for a hip/groin injury was determined by the club doctors, who were familiar and trained in both the terminology and clinical entity approach. 23 Injury surveillance and exposure data were requested monthly by the research team, and the accuracy was regularly checked against the exposure data and clarified with club medical staff as required.
Injury and Exposure Surveillance
Statistical Analysis
To examine the association between potential intrinsic risk factors and the development of a time-loss hip/groin injury, univariate Cox regression survival analyses were performed with each leg as the unit of analysis and clustered for player identity. The clustering of player identity in the statistical model took into account the correlation between the 2 legs of each player for the independent variables and repeated measures performed for players who attended screening during both seasons. All analyses were performed in STATA v11 (StataCorp LLC). The statistical model included exposure time to the index injury or exposure time to the end of the season if the player did not sustain a time-loss hip/groin injury. Hazard ratios (HRs) with 95% CIs are presented for all independent variables. The player-related demographic variables examined were age, height, weight, body mass index, playing position, leg dominance, and previous groin injuries. In addition to these demographic variables, all musculoskeletal screening test results, as well as femoral and acetabular morphology, were included in the univariate analysis. Because we expected a nonlinear relationship between the continuous independent variables and the dependent variable, stratification of all range of motion and strength variables were also included in the univariate analysis. These variables were categorized as low group (\1 SD below the mean), normal reference group (between 1 SD below and 1 SD above the mean), and high group (.1 SD above the mean). A significantly associated independent variable was defined as one with a P value \.05, while a candidate variable was defined as one with a P value .1 in the univariate analyses. Independent variables that demonstrated an association with hip/groin injuries in the univariate analyses with a P value .1 were included in a backward stepwise multivariate Cox regression analysis. For the multivariate analysis, the significance level was set at P \ .05. The same procedure was then repeated with adductor-related groin injuries as the dependent variable.
RESULTS
Participants
A total of 438 individual male soccer players, representing 609 player seasons, were included in the final cohort (Figure 1) . The number of excluded players from the study analysis is also summarized in Figure 1 . There were 105 players who were screened only in season 1, 171 players screened in both seasons, and 162 players screened only in season 2.
At baseline, the participants had a mean age of 26 6 5 years (range, 18-38 years), mean height of 1.77 6 0.67 m (range, 1.56-2.04 m), mean weight of 72 6 9 kg (range, 47-105 kg), and mean body mass index of 23. ). There were 46 (11%) goalkeepers, 151 (35%) defenders, 159 (36%) midfielders, and 82 (19%) forwards, and 350 (80%) of the players were right-leg dominant. Of the 438 players included, 97 (22%) sustained an index hip/groin injury in one or both of the 2 QSL seasons. Players experienced a mean 234 6 109 hours of total exposure per season, of which 209 6 102 hours were training and 25 6 18 hours were match play.
Injury Epidemiology
The epidemiology for time-loss hip/groin injuries for the 2013-2014 and 2014-2015 seasons of the QSL has previously been described in detail. 32 In summary, there were 206 hip/ groin injuries (18% of all time-loss injuries) sustained by 150 individual players. The overall incidence of hip/groin injuries was 1.0 per 1000 hours (95% CI, 0.9-1.1). A higher incidence of hip/groin injuries occurred during match play, with 3.5 per 1000 hours (95% CI, 2.7-4.3), than training, with 0.7 per 1000 hours (95% CI, 0.6-0.8) (P \ .001). The median proportion of players injured per club per season was 21% (interquartile range [IQR], 10%-28%). There were 6.6 (IQR, 2.9-9.1) time-loss hip/groin injuries sustained per season per average club roster of 30 players. 32 Of the 206 hip/groin injuries that were sustained in the QSL during the observation period, 113 index hip/groin injuries met the inclusion criteria. Injuries were excluded for the following reasons: injury did not occur within 12 months after screening (n = 58 injuries), second injury in the same season (n = 24), contusion injury (n = 5), no exposure data recorded for the player (n = 5), and player not screened (n = 1).
Of the 113 injuries included in the analysis, 85 (75%) were categorized as adductor-related, 15 (13%) iliopsoas-related, 8 (7%) inguinal-related, 14 (12%) pubic-related, and 1 hiprelated (1%) groin pain. There were 101 (89%) cases with a single category of groin pain, 10 (9%) cases with 2 categories, and 2 (2%) cases with 3 categories. The median time loss for the 113 hip/groin injuries included in the analysis was 11 days (IQR, 6-25 days; range, 1-209 days).
Prevalence of Bony Morphological Variants
The prevalence of bony morphological variants in our cohort was as follows: cam morphology, 59% of hips and 71% of players; large cam morphology, 22% of hips and 33% of players; pincer morphology, 3% of hips and 5% of players; and acetabular dysplasia, 9% of hips and 13% of players. Tables 1 and 2 present the results of the univariate Cox regression analysis for all independent variables, with leg as the unit of analysis and all hip/groin injuries as the dependent variable. The univariate analysis found the following independent variables significantly associated with a hip/groin injury: previous injury, eccentric adduction strength (high group), and external rotation range of motion (high group). The candidate variables (P values between .05 and .1) identified in the univariate analysis were dominant limb, player position, squeeze strength (continuous), and eccentric adduction strength (low group). Because of missing data on external rotation range of motion (Table 2) , this variable was not included in the multivariate analysis. All other significantly associated and candidate variables were included in the multivariate analysis, with the final results shown in Table  3 . Previous injuries (HR, 1.8; 95% CI, 1.2-2.7) and having higher than normal eccentric adduction strength (HR, 1.6; 95% CI, 1.0-2.5) were identified as significant risk factors for a hip/groin injury. Figure 2 graphically demonstrates the lower survival rate (time to first injury) of soccer players with a previous hip/groin injury. Figure 3 exhibits the mean difference in eccentric adduction strength between the injured and uninjured legs of the soccer players. Tables 4 and 5 present the results for the secondary univariate Cox regression analysis with the dependent variable being adductor-related groin injuries only. The following independent variables were significantly associated with adductor-related groin injuries: previous injury and eccentric adduction strength (low group). Candidate variables included hip internal rotation (continuous and high group) and external rotation (high group). The secondary multivariate analysis (Table 6 ) revealed that previous injuries (HR, 2.1; 95% CI, 1.3-3.4) and having lower than normal eccentric adduction strength (HR, 1.7; 95% CI, 1.0-3.0) increased the risk of sustaining an adductor-related groin injury. Figure 3 exhibits the mean difference in eccentric adduction strength between the legs of the soccer players who sustained an adductor-related groin injury and those who did not.
Risk Factors for a Hip/Groin Injury Identified From the Screening Battery
DISCUSSION
We examined the intrinsic risk factors for time-loss hip/ groin injuries sustained over 2 consecutive seasons in a large cohort of male professional soccer players. Previous groin injuries and having higher than normal eccentric adduction strength were associated with an increased risk of hip/groin injuries. A previous hip/groin injury was also a risk factor for adductor-related groin injuries, while having lower than normal eccentric adduction strength increased the risk of sustaining an adductor-related groin injury. All other demographic and musculoskeletal screening test variables were either not associated at a univariate level or found to be insignificant in the stepwise multivariate analysis. Bony hip morphology was not found to be a risk factor for groin injuries in this cohort.
Previous Groin Injuries as a Risk Factor
A previous groin injury has consistently been identified as an intrinsic risk factor for groin injuries in multiple cohorts and across different sports. 28, 34, 45 We also found previous hip/groin injuries to be a risk factor for all hip/groin injuries (HR, 1.8; 95% CI, 1.2-2.7) and for adductor-related groin injuries (HR, 2.1; 95% CI, 1.3-3.4). However, the absolute risk findings indicate that this variable provides little value when identifying athletes at risk of hip/groin injuries (Tables 1 and 2 ). We found that 14% of previously injured legs sustained a future hip/groin injury compared with 8% of those without a previous injury (Table 1 and Figure 2) . Consequently, the identification of an at-risk player based solely on this variable could miss around half of the injuries that may occur in a soccer team. Thus, it would be prudent to employ injury risk reduction strategies to the whole team when trying to reduce hip/groin injuries, not only those players with a previous injury.
Association Between Strength and Hip/Groin Injuries
When all hip/groin injuries were examined, having higher than normal eccentric adduction strength was a significant risk factor (HR, 1.6; 95% CI, 1.0-2.5). In contrast, having lower than normal eccentric adductor strength was a significant risk factor for adductor-related groin injuries (HR, 1.7; 95% CI, 1.0-3.0), which is in agreement with the findings of previous risk factor studies. 14, 28, 34, 38, 45 Combined, these findings suggest that the mechanisms of injury may vary for adductor-related groin injuries in comparison with the other categories of hip/groin injuries. This emphasizes the need to categorize hip/groin injuries in any research related to the mechanism, management, and epidemiology of hip/groin injuries, as suggested in the recent Doha agreement meeting. 23, 42 Despite the significant association of eccentric adduction strength, the mean difference between the injured and uninjured legs was equivalent to 8 N in a player of average height and weight ( Figure 3 ). The error expected for this measure is 32 N. 30 Therefore, this measure is not sensitive enough, nor the association strong enough, to distinguish the individual soccer player at risk of either a hip/groin injury or adductorrelated groin injury. Because 75% of the hip/groin injuries in our cohort were categorized as adductor-related, eccentric adductor strength exercises could add benefit to an injury risk reduction program aimed specifically at reducing adductorrelated groin injuries in soccer players. However, such programs should be implemented to the whole group of players rather than only to the individual player based on their screening test result. Furthermore, the regular examination of soccer players using tests sensitive enough to detect early signs of hip/groin pain may be more effective in minimizing groin injuries than baseline musculoskeletal screening.
12,29
Range of Motion Screening
Having higher than normal external rotation range of motion was identified as a risk factor for hip/groin injuries in the univariate analysis (Tables 2 and 5 ). This measure was added in the second year of screening and therefore could not be included in the multivariate model. The interaction of external rotation with the other independent variables is therefore unknown. The mean difference between the injured and uninjured legs was only 2° (Tables 2 and  5) , which is within the measurement error of 4°for this test. 30 None of the other range of motion variables was significantly associated with the risk of hip/groin injuries. These results extend the findings of 2 recent systematic reviews that found strong evidence that the ipsilateral leg's range of motion is not associated with the risk of groin injuries in athletic populations. 35, 45 There is therefore little indication to include range of motion measures in screening for the purpose of identifying athletes at risk of hip/groin injuries.
No Association of Bony Hip Morphology With Risk of Groin Injuries
Bony hip morphology was not associated with the risk of hip/ groin injuries, or adductor-related groin injuries only, in our cohort of professional soccer players (Tables 1, 2 , 4, and 5). However, only 1 injury was categorized as hip-related groin pain; therefore, we cannot assess the relationship between bony hip morphology and the risk of hip injuries. Our study is the first to examine bony hip morphology prospectively as an intrinsic risk factor for hip/groin injuries in soccer. This negative risk factor finding is interesting considering the high prevalence of cam morphology found in this cohort (59% of hips and 71% of players). It has previously been suggested that cam and pincer morphology are associated with groin injuries in athletes. 9, 43 Our findings propose that this association is perhaps coincidental. Our study findings also suggest that there is no indication for obtaining radiographs to examine bony hip morphology in screening to predict groin injuries in soccer players.
Limitations
The club medical staff members who conducted injury and exposure surveillance were not blinded to the screening results, which could be a source of bias in the data. We did not control for any injury risk reduction strategies that may have been implemented based on the screening results during the study period. However, considering the high number of hip/groin injuries recorded during these 2 seasons, and the fact that there was no association found between season and the risk of hip/groin injuries, this is likely to represent a low risk of bias. Our study was initiated before the Doha agreement meeting, 42 and therefore, the categorization of hip/groin injury data represents post hoc rather than a priori categorization. However, the categorization of groin injuries according to the entity approach 23 has been in use for several years in Qatar. In cases where there was doubt about the classification, the medical records were assessed by 2 members of the study team (A.B.M. and A.W.) to optimize accuracy.
The present study, using a screening model, is the largest intrinsic risk factor study for hip/groin injuries. The observation period was extended to 2 soccer seasons to ensure that a greater number of hip/groin injuries were sustained in the observation period than the customary single season previously observed. 4, 14, 25, 46 With the large cohort observed prospectively (609 player seasons), and the number of hip/groin injuries recorded (113 injuries), we attempted to optimize statistical power for this exploratory study. However, given the number of independent variables examined, it is possible that we were underpowered to identify weak relationships other than those described in this article. With an exploratory analysis such as in the present study, it is also possible that the identified associations may present by chance. However, surprisingly few associations were identified in the study analysis, and the associations found concur with those of previous research. The multivariate model of analysis used in this study assessed the interaction between multiple intrinsic risk factors while accounting for exposure. However, the complex nature of sports injuries means that we could not account for all potential confounding variables, and a causative link cannot therefore be assumed. Further research specifically designed to assess the causation of hip/groin injuries is required.
Because bony hip morphology is a 3-dimensional phenomenon, the use of 2-dimensional imaging techniques to quantify bony hip morphology is a study limitation. Furthermore, there is currently no consensus on the best alpha angle threshold to be used to quantify femoral head asphericity. The threshold levels used in this study to define cam and large cam morphology were derived from the findings of a large population-based validation study, 3 but these definitions may have affected the overall study findings. The use of only the LCEA to quantify Defines the relative risk when compared with the reference category.
